This study aims to highlight the status of agricultural R&D in South Asia and contends that creating an effective agricultural research and innovation systems is a vital element to ensure food security in this region. South Asia is home to around one-fourth of mankind and houses the largest proportion of undernourished people in the world. Despite a period of marked economic growth averaging 6% a year over the past two decades, it remains the world's second poorest region contributing a mere 2.2% in global annual GDP. Agriculture is the mainstay of South Asian economy employing around 60% of the total workforce and generating around 20% of total GDP. South Asia has the recognition of being the second most food-insecure region next only to sub-Saharan Africa. Though there is growing evidence that technological innovation has a key role to play in increasing agricultural production and strengthening food security, agricultural research and development (R&D) sector has failed to garner sufficient attention till now. This study also depicts the current situation of food security in South Asia and illustrates how agricultural education and innovation hold the master key to solve the food security issues for the world's most densely populated region.
Introduction
The entire economic and agricultural landscape in South Asia has undergone considerable change in the last few decades. All countries in this region have experienced a robust economic growth and improvement in human development indices, reducing poverty and malnutrition to a great extent. Yet, it remains home to nearly half the world's poor and malnourished people [1] . South Asia has estimated 1.7 billion inhabitants, leaving an enormous burden on the relatively small natural and agricultural resource base. It has to feed one-fourth of global population with only 14% of global arable land [2] . Thomas Malthus (1766-1834) hypothesized that a rapidly growing population would inevitably outstrip any society's capacity to produce enough food which will result in mass starvation and human misery. Though humanity has been largely able to avert the realization of Malthus's prediction thanks to the development of modern cutting-edge technologies, increasing hunger and malnutrition remain a stark reality especially in resource poor countries like in South Asia, where 40% of world's poor and about half of its malnourished population live [3] . Despite being an agri-based economy, sharing nearly 22% of the regional GDP, government expenditure on agricultural R&D remains shockingly low in most countries ( Figure 1 ). This already threatening situation of hunger and food insecurity is farther compounded by poor agricultural infrastructure, inappropriate utilization of resources, and inadequate investment on agricultural R&D. According to the World Bank, South Asia faces a staggering $2.5 trillion infrastructure gap to reach its development goals. Though South Asia has now more technical and scientific expertise in R&D than ever before, current prevalence in hunger and malnutrition indicates that there is still a lot to improve. The fact that by 2050 South Asia is projected to feed around 55% (5 out of 9 billion) of the global population, which is unquestionably a colossal task, increasing funding on agricultural R&D remains a top priority in the main development agenda. Sri Lanka, with a food security score of 48.6 (ranks 60th globally), is by far the most food secured nation in South Asia (compared to 86.8 in USA). India (70), Pakistan (75), and Bangladesh (81) score, respectively, 44.4, 39.7, and 35.3. Nepal has the worst situation scoring 33.8 and rank 84th out of 107 countries. These figures explain how South Asia is one the most food-insecure region in the world. The number of total food-insecure people remained more or less unchanged since the 1960s but projected to decline in the coming decades ( Figure 4 ). Despite achieving a remarkable economic growth and considerable increase in agricultural production, household food insecurity and malnutrition continue to be a major concern hindering development efforts in South Asia. Though number of people living below $1.5 per day has been decreasing steadily ( Figure 5 ), there are still a huge number of populations who are stuck in extreme poverty. In 2008, around 571 million South Asians lived on less than $1.25 per day, the margin of extreme poverty defined by the World Bank. Researchers suggest that national food security and population health are closely intertwined [4] . Increased prevalence of malnutrition is both a determinant and consequence of poverty and food insecurity. Widespread poverty and malnutrition are also the reasons why this region made the least progress towards achieving the Millennium Development Goals (MDGs). South Asia has the highest prevalence of malnutrition in the world [5] . India alone accounts for a quarter of all undernourished people and has the highest number of malnourished children in the world [6] . 
Current Scenario of Agricultural Research in South Asia
Globally, driven by rising demand for food, feed, and fuel, food price volatility, climate change, diminishing resources for agricultural production, and increasing cost of the inputs, agriculture research has once again began to gather momentum since the turn of the century. A remarkable shift in the overall research agendas is occurring in many developed and transitional economies with increased attention on food and agricultural sector [7] . (Table 1) and remain greatly dependent on foreign innovation and funds. With a population of around 1.3 billion, India has only 167 government funded agriculture research centres which is the highest in the region, while, for Bangladesh and Nepal, the corresponding figures are 54 and 8, respectively. Between 1996 and 2009, the number of total agricultural researchers decreased by around 6 percent [8] . Constant support by international research partners such as FAO (food and agriculture organization), IFAD (international fund for agricultural development), CGIAR (consultative group on international agricultural research), and IFPRI (international food policy research institute) is helping to minimize the lack of regional research facilities and contributing to the provision of policy advices, research funds, and leveraging agriculture and rural development programs. In India and Pakistan, for example, the research centers heavily rely on CGIAR for supply of genetic materials, training, institutional strengthening, and collaborative research [9] . There is no denying that lack of agricultural research facilities has many wide-ranging effects such as poor implementation of long-term objectives, misallocation, and mismanagement of resources with many economic and environmental externalities. In India and Bangladesh, government subsidies in agriculture are largely dedicated to maintain low fertilizer and pesticide prices and cheaper supply of energy and water. This generally causes overuse and inefficient management of these resources and at the same time creates many adverse effects on environment such as water pollution by pesticide and fertilizer runoff. Power and irrigation water supply system is also very inefficient throughout South Asia which is aggravating the problem of seasonal drought and depleting aquifers [10] . Besides that, indiscrete agricultural policies also compromise the farmer's opportunities to adopt new technologies [11] .
In rich countries, where agriculture is a small share of the economy, government may not necessarily increase investment on agricultural R&D as the sector, but, in the subcontinent continent countries, where agriculture has a lion's share of the total economic activity, a meaningful investment in public agricultural research may prove more appreciable impact on the economy. Governments in South Asian countries must realize the fact that the payoff for return on investment on R&D usually takes a long time to appear perceptible and is generally less perceptible when it finally does. Private sector involvement is also crucial to tackle the emerging challenges for agriculture such as environmental pollution, climate change, and speculating the cost of agricultural inputs. Unlike the developed countries, the private sector participation in agricultural research is also low in South Asia countries [12] . As the modern sectors like telecommunication, biopharmaceuticals, and aerospace are developing faster than ever in South Asia, it is also very likely that more and more agricultural research funds be diverted to these sectors and support for public agricultural research will be slowed down. In developed countries, agricultural researches generally emphasize the technologies that suit their own problems and environment, which limits incentives for companies to develop technologies for less-developed countries [13] . Developing countries like in South Asia must therefore focus on capacity-building in research and innovation by their own effort.
Nature of Agricultural Growth and R&D Spending in South Asia
An increasing number of countries are experiencing a steady rise in agricultural R&D spending since 2000. But in South Asia, government expenditure in agriculture has declined or has been very low in recent years in all countries except in India (Figure 1 ). In Bangladesh, Nepal, Pakistan, and Sri Lanka, agricultural growth has slackened during the same period (Table 2) . According to IFPRI, though India's agricultural R&D has been increasing and is currently the highest in South Asia, it is still substantially low compared to its fellow BRIC competitors such as Brazil and China. Though South Asia, as a region, has doubled its agricultural R&D spending between 1996 and 2009, agricultural R&D investment to agricultural output ratio remains significantly lower compared to other emerging economies, while the ratio for India is 0.40 per cent, for China 0.50, and 1.80 for Brazil. Nepal aims to increase it from 0.23 per cent to one per cent. The current rate of increase in investment in agricultural R&D is clearly insufficient. According to an IFPRI report, this spending must quadruple in the coming years if targets set by these countries are to be met [8] . South Asian population is projected to double by 2050. Ensuring sustainable food supply for this huge population is certainly a daunting task and calls for placing maximum emphasis on agricultural productivity increase. Increased investment on public research has shown to account for 30 percent of the output growth [9] . Table 3 shows that average annual growth rates of agriculture are higher than any other regions in the world. It is also a noticeable fact that the growth rate is not steady and fluctuated substantially since 1970s. Increased growth volatility in agriculture is certainly not a good sign for long-term food security of South Asia's burgeoning population and hence must be addressed by increasing fund and reinforcing research and innovation. In South Asia, government is the major source of funding for agricultural education. Generally, agricultural education is expensive, and the institutions operate on the basis of an annual budget which depends on the number of students enrolled, previous funding levels, and government capacity to support the institutions [14] . Tuition, fees, and other possible sources of income, such as donations and institutional revenue from farms or the provision of various kinds of services (e.g., veterinary services), are insignificant. As a result, agricultural education and institutions face great difficulties in ensuring properly equipped laboratories and practice farms and fails to emphasize allocating resources on the emerging issues. To meet the growing food demand for the population burden, farmers are increasingly being forced to adopt monoculture plantations to supply adequate staple grains (rice, wheat, and maize) which comes at the expense of biodiversity loss and severe impacts on people's nutritional status. In Bangladesh, for example, rice production has tripled from 10 million MT in 1971 to over 32 in 2005, but progress for the livestock and fisheries sector has been substantially low [15] . Overdependence on cereal grains with little availability of animals' products largely accounts for widespread malnutrition in South Asia. Though the situation is very pressing from a nutritional point of view, which requires increased attention on the development of the livestock and fisheries sector, unfortunately the proportion of researchers in these sectors remains shockingly low in most South Asian countries ( Figure 3 ). Below are some of the major areas for agricultural research and education in South Asia:
(1) agricultural education that needs to make a more multi-and interdisciplinary approach by incorporating a wide range of related issues including income inequality, gender inequality, farmer's health and welfare, proper utilization of resources, climate change, and relevant demographic parameters;
(2) to reshape agricultural education by abolishing longestablished traditions of academic isolation, increasing collaboration between scientists and policy makers, and emphasizing research and extension through innovative teaching;
(3) to focus not only on temporary increase in agricultural yield but also on developing long-term food security and sustainable agricultural intensification methods with minimal impacts on environment and biodiversity;
(4) governments that need to leverage higher education in agriculture by ensuring continuous support, offering more degrees, scholarships, and research grants, and creating sufficient employment opportunities for agricultural scientists;
(5) building cross-border research partnerships to effectively meet the demand for trained human resources in agriculture, improving communication with national and international academic community, and increasing regional scientific collaboration; (6) integrating agricultural research with national food and nutritional policy making to ensure better health outcomes and accelerate overall socioeconomic development;
(7) introducing team-teaching, developing case studies to assess problem solving approaches, incorporating practical expertise in community-based researches, and undertaking more practical and field-based exercises.
Role of Investments in Agricultural R&D to Achieve Food Security and Socioeconomic Development
Arguably in context of agri-based economies, agricultural sector holds the ultimate promise to slash extreme poverty and combat chronic hunger. Hence, the fight against poverty and hunger must begin with agricultural development. Studies have demonstrated that investments in agricultural research, infrastructure, and education generally rank first or second in terms of return to growth and poverty reduction. Increased R&D investments offer the possibilities to enhance the quantity and quality of agricultural outputs, increased income source, greater food security, and better nutrition. In the long term, investment in R&D in the agricultural sector will be crucial in all countries, in order to move the technology frontier and sustain productivity growth. Agriculture holds the key to ensure domestic food security which is in turn inextricably linked to social and national security [16] . Sustainable food supply is fundamental component for maintaining social stability, and chronic food shortage is generally associated with social uprising, increased violence, and political instability. Global food price hike during 2007-08 has plunged around 400 million people into poverty and left many countries in the midst of massive civil unrest and economic turmoil [17] . The Green Revolution had an immense influence on reducing poverty and food security in India tripling its food grain production between 1960 and 2000 [18] .
Apart from ensuring food security, agriculture has a vital role to play in addressing poverty and rural development issues and accelerating socioeconomic progress [19] . South Asian region is broadly classified as low-income or lowmiddle income category, being the home to nearly half the world's poor and malnourished people. Poverty is predominantly rural phenomenon in South Asia. About 70% of all South Asians live in rural areas for which agriculture is still the prime source of income. This means that agricultural research along with other development investments holds the key to pave the way out of poverty and offer better food and nutrition security for the subcontinent's huge poor community. According to CGIAR report, increased investment on agricultural R&D is expected to bring a substantial reduction in extreme poverty [20] . Given the increasing phenomenon of widespread poverty ( Figure 5 ) and food insecurity (Figure 4) , South Asian countries are faced with extraordinary challenges to develop a sustainable food and agricultural system. Particular attention is required to enhance people's access to income generating activities and food which ultimately depends on the creation of sustainable income source, increasing food supply, and maintaining affordable food price. Since poverty reduction and economic development are ultimately dependent on the overall success of the agriculture sector, a revitalization of the agricultural sector is urgently needed.
Conclusions
South Asian countries are likely to face severe food crisis by 2050 and the issue of food security is going to be a critical issue in the years to come. Though the growth of nonfarm sectors has gained considerable momentum during the past few decades, agriculture continues to be the lifeblood of the economy. In terms of food insecurity and poverty, South Asia has the distinction of being the worst affected region in the world. Increasing food production in line with demand and ensuring food security for such a huge population is undeniably a daunting task. This is going be hard especially if not accompanied by improvement in other sectors as well as increased R&D funding, improving research infrastructure, better management of agricultural resources, rural empowerment, and creating more income generation opportunities. This study reveals that South Asia has a lot to improve in all these sectors. This study thus proposes that South Asian countries must focus on increasing investments in agricultural R&D and implement efficient institutional reform in order to contribute more effectively to tackling the emerging challenges in agriculture and food security both at national and regional level (Figure 2 ). In the coming years, South Asian countries will need to foster long-term productivity policies by investing heavily in agricultural R&D, while introducing institutional reforms to create an environment so as to facilitate the adoption of new technologies. 
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